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Method of Forming a Polycrystalline Silicon Layer 

Cross Reference 

This application claims the benefit of Korean Patent Apphcation No. 1999- 
67846, filed on December 31, 1999, under 35 U.S.C. [§ 119] [§119], the entirety of 
which is hereby incorporated by reference. 

Background of the invention 

Field of the invention 

The present invention relates to a method of forming a polycrystalline silicon 
layer [of) [for] a switching element, for example, a thin film transistor (TFT). 

Description of Related Art 

A thin film transistor (TFT) includes an insulating layer, a passivation film, 

electrode layers and a semiconductor layer. The insulating layer is [mad e ] [beneficially 

comprised] of SiNx, Si02, AI2O3 or TaOx. The passivation film is (made) 

[beneficially comprised] of a transparent organic insulating material or [of] a 

transparent inorganic insulating material. The electrode [lay e r includ es ] [layers 

include] a gate electrode, a source electrode!,] and a drain electrode [and is mad e ] [, 

and are beneficially comprised] of a conductive metal such as Al, Cr or Mo. The 

semiconductor layer acts as a channel region along which charges flow [and is mad e ] [. 

The semiconductor layer is usually comprised] of amorphous silicon or 

polycrystalline silicon. 

A process of forming the semiconductor layer using [the] amorphous silicon 

can be performed at a low temperature of about 350 °C and [thus] is relatively simple. 

However, since a field effect mobility of [th e ] [an] amorphous silicon layer -fisf [can 

be] as low as 2 cm^/V*sec, [thus,] Ithe] switching characteristics of the TFT [and an 

incorporation charact e ristics b e tw e en a driving circuit and the TFT are not so good.] 
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[are not particularly good. ] " 

(M e anwhil e , th e ] [A] polycrystalline siUcon layer -fisf [has a] much [m o r o 
Qxcollont in] [better speed of] response [ s pe e d] than [th e ] [an] amorphous silicon 
layer. [Th e ] [A] polycrystalline silicon layer [has as) [can have] a [high] field effect 
mobility [a s about) [between] 20 cm /V*sec to about 550 cm A'^-sec. -{A}- [As the] 
switching speed of [th e ] [a] TFT depends on the field effect mobilit y [. That is, a] [, 
the] switching speed of (th e ] [a TFT having a] polycrystalline silicon layer is [about] 
100 times as fast as that of [th e ] [a similar TFT having an] amorphous silicon layer. 
[This com e s from that th e ] [The higher field effect mobility is a result of the better 
grains in a] polycrystalline silicon layer [is mor e in grain numb e r and is small e r in 
defect than th e ] [as compared to those of an] amorphous silicon layer. 

[A m e thod] [Methods] of forming [the] polycrystalline silicon [lay e r 
includes] [layers include] an [ e xim e r] [excimer] laser annealing technique, a solid 
phase crystallization (SPC) technique, and a metal[-]induced crystallization (MIC) 
technique. 

[Th e e xim e r] [Excimer] laser annealing [t e chniqu e is ] [is usually] performed 
at a low temperature and, thus a low-cost glass substrate -{is]- [can be] used. [Th e ) [A] 
TFT manufactured using the [oxim e r] [excimer] laser annealing technique [usually] 
has a field effect mobility [of] more than 100 cm /V»sec[,] and thus -[is^ [has] excellent 
-fift} operating characteristics. 

The solid phase crystallization technique is one [in] which amorphous silicon 
is crystallized at a high temperature [of more than] [, usually over] 600 °C. Since -faf 
crystallization is performed at a solid phase, a grain (has many] [can have] defects 
such as a micro-twin, a dislocation [and the like, wh e r e upon a grad e of a grain is low) [, 
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and the like. Grains obtained using solid phase crystallization are usually of a low 
grade]. In order to compensate for this [probl e m] , a thermal oxidation film -{o^- 
[formed at] about 1000 °C is [usually] used as a gate insulating layer. Therefore, 
(Ginc e j a high-cost materiall,] such as quartz[,] is (us e d) [required] for the substrate-f? 
there is] [. This presents] a problem [in] that -faf production [cost is] [costs are] high. 

[Th e ] [In the] metal [-] induced crystallization technique [is on e that a] [,] 
crystallization is performed [in such a way that] [by depositing] a metal layer -[is 
deposit e d on th e ] [on an] amorphous silicon layer [and th e n a b o at tr o atm o nt is 
perform e d] [which is then heat treated]. The metal layer [serv e s to low e r an] [lowers 
the] enthalpy of the amorphous silicon layer. As a result, [a proc e ss] [crystallization] 
is possible at a low temperature of about 500 °C. However, -f*}- [the resulting] surface 
state and electrical characteristics are not [go good. This t e chnique also caus e s many 
d e f e cts in grain. ] [particularly good, and the resulting grains can have many 
defects. ] 

[Th e ] [A] polycrystalline silicon layer manufactured using the techniques 
described above can obtain grains from silicon seeds [whil e tho silicon of a liquid stat e 
is cooled at th e beginning stag e of crystallization, hi case that a grain of the silicon 
^-[formed while the silicon, in a liquid state, cools. If a silicon grain] grows laterally, 
large-sized grains can be obtained. If -{a^ [the] distance between adjacent silicon seeds 
is greater than -faf [the] maximum silicon growth distance, [th e silicon grain that 
p e rforms a lat e ral growth centering tho silicon s e ed grows maximally, and then a small 
sized grains ar e cr e at e d on a r e gion of a liquid stat e due to a nucleus generat e d by a 
s up e r cooling. How e ver, a] [a silicon grain grows laterally with the silicon seed at 
the center of the grain. After the silicon grain grows to its maximum length, nuclei 
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generated by super-cooling create many small-sized grains. However, if the] 
distance between adjacent silicon seeds is [small e r] [less] than -faf [the] maximum 
silicon growth distance, [a lat e ral growth occur s centering a sood^ forming grain 
boundarieo, wher e by th e polycry s tallin e silicon lay e r having large sized grains is 
formed. As d e scrib e d above, in ord e r to obtain the exc e ll e nt TFT, th e ] [large sized 
grains that meet at grain boundaries are formed. To obtain a high-quality TFT, 
] large-sized grains should [be] uniformly [b e ] arranged while forming [th e ] grain 
boundaries. 

Figs. 1 A [to IC] [and IB] are plan views illustrating a crystallization process 
of a polycrystalline silicon layer. -[A^ [The] distance between [tho two] adjacent silicon 
seeds 1 1 is [smaller] [less] than -[a} [the] maximum grain growth distance [, but it] [. It] 
is desirable that the silicon seeds 11 are uniformly distributed. The silicon grains 13 -{ef 
a liquid stat e ] grow laterally[,] centering on the silicon seed 11[,] and complete their 
growth [whil e ] [after] forming grain boundaries 15. 

Hereinafter, a crystallization process [of the polycrystallin e silicon lay e r) 
using the [ e xim e r] [excimer] laser annealing technique according to a conventional art 
is explained in [more] detail. 

Fig. 2 is a perspective view illustrating a configuration of -{et}- polycrystalline 
silicon crystallization equipment using the [ e xim e r] [excimer] laser annealing 
technique. The equipment includes a laser beam device (not shown), a mask 33, and a 
projection lens 35. The projection lens 35 is arranged over a substrate 31, and the mask 
33 is (ali e n e d] [aligned] with the projection lens 35. When a laser beam 37 is projected 
from the laser beam device toward the mask 33, the laser beam 37 becomes incident 
[along] [on] the mask [patt e rn] . The laser beam incident to the mask 33 passes through 
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the projection lens 35 and is concentrated on -faf [the] substrate 31 [having] [, which 
has] an amorphous siUcon layer (form e d thoroon, wher e by polycrystallization] [. 
Polycrystallizatioii] of the amorphous silicon layer is performed according to the mask 
pattern. 

At this point, a growth of the polycrystalline grain is controlled by -faf [the] 
shape and -{anf energy density of the laser beam[,] and -{af [by the] temperature and 
-faf cooling [spe e d] [rate] of the substrate. -[Af [During crystallization, a] silicon 
grain [during a crystalligation proc e ss is divid e d into] [has] three regions: a low energy 
density region; an intermediate energy density region; and a high energy density region. 
The low energy density region is a partially [m e lt] [melted] region. That is, the lower 
energy density region is one [in] which [only a] [the] lower portion of the silicon layer 
is not [m e lt] [melted,] and [thus the] silicon melting depth is [ s mall e r] [less] than 
-{et^ [the] thickness of the silicon layer [a nd a] [. The resulting] grain diameter is 
[small e r] [less] than -(af [the] thickness of the silicon layer because seeds on the lower 
portion of the silicon layer [tend to] grow vertically. 

The intermediate energy density region is an almost completely [m e lt] 
[melted] region. That is, the intermediate energy density is one which only [part] 
[some] of seeds on the lower portion of the silicon layer -fisf [are] not completely 
melted. Except for [part of s ee d on th e low e r portion of th e silicon lay e r, almost part] 
[those seeds, almost all] of the silicon layer is completely melted. This region is [also] 
a region [that a] [in which] lateral growth [is pOGsibl e c e nt e ring] [, centered] on the 
seedsl, is possible]. 

The high energy density region is one [that] [in which] even the [low e r] 
[lowest] portion of the silicon layer is completely melted. 
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A crystallization method using the polycrystalline silicon crystallization 
equipment of Fig. 2 is as follows. The laser beam 37 is uniformed by predetermined 
means. Thereafter, [a typ e of a] [the] laser beam that will be formed on the substrate 31 
is determined (through] [by] the mask 33. A laser beam having a width of tens of j-i-fbf 
[m] is formed through the projection lens 35. The substrate 31 [is] arranged on a stage 
[that] moves slowly[, usually] at a speed of less than [1 i/pulac,] [l|im /pulse,] so that 
-fa}- crystallization is performed by the laser beam. The mask 33 has divided [stripe 
shape] regions "A", "B", and "C" [in shap e of s trip e ] . 

Fig. 3 is a plan view illustrating a mechanism [that th e amorphou s silicon layer 
i s crystalliz e d through th e la s er b e am. At this tim e , in first and second crystallization 
st e p s 4 5, a] [for laser crystallization of amorphous silicon. In a first crystallization 
step, shown in element 45, ]lateral growth occurs by moving the substrate 31. [At] 
[In] the second [step, ] [crystallization step, also shown in element 45,] a grain 
boundary 41 -{eff [formed in] the first step moves and forms a new grain boundary 
[^la.Preferably] [41a. Preferably], a high energy density [for compl e t e m e lting] [that 
completely melts the silicon] is used, and -faf [the] width of the laser beam is 
[ s mall e r) [less] than twice -fef^- the maximum lateral growth distance. 

[The step and melt process continues.] After an n-th crystallization step, 
grains [43] of the polycrystalline silicon that [were] crystallized by the lateral 
growth [grows as] [are] large [as a grain 43] [,] and the grain boundary 41 n is finally 
determined. 

Fig. 4 is an enlarged view illustrating a portion D of Fig. 3. As shown in Fig. 4, 
the polycrystalline silicon layer has a protruding portion 45 that protrudes upwardly 
(du e to a later growth of th e adjac e nt grains and] [. The protruding portion] is formed 



7 



DC:72257.1 



PATENT 
8733.378.00 

on the grain boundar y (. This is bocaus e th e ] [due to growth of adjacent grains. This 
result comes about because ]sohd silicon is greater in volume than [the] liquid silicon, 
and the silicon layer melted [last] is [lastly] cooled at the grain boundary region, 
increasing -fa}- [its] volume. The protruding portion 45 has a height of about 300 A. 

Further, when the silicon layer is crystallized using the conventional 
crystallization described above, as shown in Fig. 5, defects 51, [each] referred to as a 
low angle defect, may exist on the surface of the layer. This -fisf [result comes about] 
because the heat energy contained in the silicon layer is suddenly exhausted via the 
substrate below the silicon layer when the laser beam is blocked. 

The defects on the surface of the silicon layer result from [th e ] sudden cooling, 
leading to [an] abnormal [grain] growth [of th e grains. ) [. ] 

[Th e ] [A] polycrystalline silicon layer manufactured by the above-described 
method is [usually] patterned [for] [to form] a channel [of the s e miconductor layer) in 
subsequent [proc e ss, and then] [processes. Then,] an insulating layer is formed on the 
polycrystalline silicon layer. In other words, since the insulating layer is formed on a 
non-flat surface [of th e semiconductor lay e r] due to [grain] defects [in th e gains] and 
the grain boundary [protrud e d] [protruding] upwardly, a trap level may occur due to a 
mismatch between the polycrystalline silicon layer and the insulating layer. 
[Ther e for e ,] [The result is that the] field effect mobility of charges that flow along a 
surface of the polycrystalline silicon layer is significantly lowered, leading to -fa]- low 
reliability. 

SUMMARY OF THE INVENTION 

To overcome the problems described above, preferred embodiments of the 
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present invention provide a method of forming a polycrystalline silicon layer having 
excellent electrical characteristics. 

In order to achieve the above object, the preferred embodiments of the present 
invention provide a method of forming a polycrystalline silicon layer, comprising: 
forming an amorphous sihcon layer on a substrate [; a first st e p of) [,] melting 
[complet e ly] the amorphous silicon layer [using a laser beam th e r e by forming] [by 
passing a laser beam through a mask so as to form a polycrystalline silicon layer; 
and re-melting an upper portion of| the polycrystalline silicon layer by [adopting a 
mask; and a s e cond st e p of melting an upp e r portion th e polycrystallin o silicon lay e r 
using th e las e r b e am by adopting th e mask th e reby rocrystallizing] [passing a laser 
beam through a mask so as to recrystallize] the upper portion of the polycrystalline 
silicon layer. 

The mask [has] [used for crystallization causes the formation of| a 
completely [molting] [melted] region and a partially [m e lting] [melted] region-fr 
The]-[, wherein the] completely [m e lting] [melted] region and the partially [m e lting] 
[melted] region have stripe shapes. The completely [melting] [melted] region and the 
partially [m e lting] [melted] region are postioned in series. The [compl e t e ly m e lting 
r e gion] [portion] of the mask [patt e rn] [that causes a completely melted region] is 
made of a material having a high light transmittance, and the [partially m o lting region] 
[portion] of the mask [patt e rn] [that causes a partially melted region] is made of a 
material having a low light transmittance. [Th e first and s e cond s t e p s ar e proc ee ded 
through on e ] [Crystallization is beneficially performed using a] scanning process of 
moving the substrate having the amorphous silicon layer under the laser beam. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention and the advantages 
thereof, reference is now made to the following descriptions taken in conjunction with 
the accompanying drawings, in which Uke reference numerals denote like parts, and in 
which: 

Figs. lA to (IC] [IB] are plan views illustrating a typical crystallization 
process of a polycrystalline silicon layer; 

Fig. 2 is a schematic perspective view illustrating a configuration of a 
polycrystalline silicon crystallization equipment using the ( e xim e r) [excimer] laser 
annealing technique; 

Fig. 3 is a plan view illustrating a mechanism [that] [of crystallizing] an 
amorphous silicon layer [is crystalliz e d through] [using] the polycrystalline silicon 
crystallization equipment of Fig. 2; 

Fig. 4 is an enlarged side view of "D" portion of Fig. 3; 

Fig. 5 is a detailed plan view illustrating a surface of a polycrystalline silicon 
layer formed according to a conventional method; 

Fig. 6 is a plan view illustrating a [laser beam] mask pattern [for the laser 
b e am] according to an embodiment of the invention; 

Fig. 7 is a plan view illustrating a crystallization process according to the 
embodiment of the invention; and 

Fig. 8 is a cross-sectional view illustrating a polycrystalline silicon layer 
formed by [a m e thod of) the embodiment of the invention compared to that formed by 
a conventional method. 
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DETAILED DESCRIPTION OF [PREFFERED EMBODIME NTS! [A 

PREFERRED EMBODIMENT] 

Reference will now be made in detail to a preferred embodiment of the present 
invention, [an] example of which is illustrated in the accompanying drawings. 

The forming method for a thin film transistor is follows. First, a gate electrode 
and a gate line (not shown) are formed on a substrate (not shown). Thereafter, an 
insulating layer of SiNx or Si02 is formed over the whole surface of the substrate. An 
amorphous silicon layer is [then] deposited on the insulating layer. [In case that] [If| 
the amorphous silicon layer is made of hydro genized amorphous silicon, a 
dehydrogenation process is performed to remove hydrogen [in advanc e ] before -fa} 
crystallization [procesG. It] [. This] is because pores, which may [low e r] [reduce the] 
electrical characteristics of the polycrystalline silicon layer, may be formed while 
hydrogen is removed during [th e ] crystallization [proc oG O. ] [. ] 

[S e quentially, th e ] [The] amorphous silicon layer is [then] crystallized using 
the mask pattern 109 shown in Fig. 6 [and und e rtalc cs a lat e ral] [. Lateral] growth -fte 
form] [forms] the polycrystalline silicon layer. [At this point, th e ] [The] mask pattern 
109 includes a [sequence of| partially melting [region] [regions] 111 and -faf 
completely melting [r e gion] [regions] 113 [in s e ri e s) . On the partially melting 
[region] [regions] lll-frf a coating film having a low light transmittance is formed-f^ 
whil e the] [. The] completely melting region 113 has -faf good light transmittance. 
Therefore, [th e ] [a] laser [b e ams] [beam] that pass through the partially melting 
[r e gion] [regions] 111 and the completely melting [r e gion 113 becom e ] [regions 113 
becomes beams having] different [in] energy [int e nsity] [intensities]. The partially 
melting [region 111 is a r e gion that corr e sponds to th e ] [regions 111 correspond to a] 
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low density energy region [which] [that] meUs the sihcon layer less than its full 
depth [, wh e r e upon) [. The result is that] only an upper portion of the polycrystalline 
sihcon layer (can be melt e d. On the oth e r hands, th e ] [is melted by the partially 
melting regions 111. The] completely melting [region 113 is a r e gion that corr e spond s ] 
[regions 113 correspond] to the high energy density [r e gion. Th e ) [regions. A] laser 
beam that passes through [th e ] [a] completely melting region 113 has a width of about 
[2 w] [2iam] and completely melts the amorphous silicon laye r [, so] [such] that -{a 
later) [lateral] growth can be sequentially performed. The completely melting [r e gion] 
[regions] 113 and the partially melting [region] [regions] 111 have -{st^ stripe ( s hap e ) 
[shapes]. The completely melting region 113 advances the partially melting region with 
respect to the scanning direction. 

Hereinafter, a method of forming (th e ) [a] polycrystalline silicon layer having 
a flat surface according to the preferred embodiment of the present invention is 
explained with reference to Fig. 7. As shown in Fig. 7, during a first laser annealing 
process, the laser beam scans (th e ) [an] amorphous silicon layer deposited on [the] [a] 
substrate 211 using the mask pattern 109. Portions 113a, 113b and 113c of the silicon 
layer are completely melted by the laser beam via the completely melting region 113, 
and other portions 11 la, 11 lb and 111c of the silicon layer are partially melted by the 
laser beam via the partially melting region 11 1 of the mask pattern 109 (Fig. 6). 

Subsequently, by moving the substrate 211, the polycrystalline silicon layer 
that is formed by the completely melting region 113 of the mask pattern 109 is scanned 
by the laser beam that passes through the partially melting region [113] [111] of the 
mask pattern 109, so that upper portions of the firstly completely melted portions 113a, 
113b and 113c of the polycrystalline silicon layer is [r o c>TGtallized] [re-crystallized] 
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Up to a predetermined depth. Therefore, [th e ] [a] polycrystalline siUcon layer having 
grains -fef^ [with] no [d e f e ct) [defects] and a flat surface can be manufactured. By 
moving the substrate sequentially, the complete melted portions 113a, 1 13b and 1 13c are 
fully [r o crystallized] [re-crystallized] by the laser beam via the partially melting region 
111 of the mask pattern 109. That is, the partial melting is sequentially performed at the 
same time, and the crystallization process is completed at an nth laser annealing 
process. The scanning process is completed when all the completely melted portions are 
over scanned by the laser beam via the partially melting [r e gion] [regions] of the mask 
pattern 109. 

Fig. 8 is a cross-sectional view illustrating a portion of [th e ] [a] polycrystalline 
silicon layer [according to — tho preferr e d — e mbodiment] [fabricated using the 
principles] of the present invention. As shown in Fig. 8, the polycrystalline silicon layer 
formed through the first laser annealing process has a protruding portion "F" formed on 
the grain boundary region [that th e ] [where] adjacent grain boundaries contact [with] 
each other. The protruding portion "F" is melted and [r e crystalliz e d through th e s e cond 
las e r ann e aling proc e ss, go] [re-crystallized by the partially melting process such] 
that the polycrystalline silicon layer becomes flatted. Then, using the method described 
above, the polycrystalline silicon layer having -{af [the] flat surface is patterned into the 
semiconductor layer in the form of an island. Then, source and drain electrodes (not 
shown) spaced apart from each other are formed to overlap both end portions of the 
semiconductor layer. Therefore, [th e ] [a] switching element according to the preferred 
embodiment is completely manufactured. In the preferred embodiment of the present 
invention, an inverted staggered TFT is exemplary explained, but the polycrystalline 
silicon layer [also] can be employed in a top gate type TFT. 
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As described [herein] before, [by] using the method of forming [th e ] [a] 
polycrystaUine siHcon layer according to the preferred embodiment of the present 
invention, defects in the grains can be removed-frf and [also th e ) [a] protruding portion 
formed on [th e ] grain boundary [r e gion becom e s flatted.] [regions can be flattened.] 
Therefore, [the] [a] switching element having excellent electrical characteristics can be 
obtained. 

While the invention has been particularly shown and described with reference 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
the foregoing and other changes in form and details may be made therein without 
departing from the spirit and scope of the invention. 
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